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HOT ROLLED HIGH TENSILE STRENGTH STEEL PLATE EXCELLENT IN 
WORKABILITY AND ITS PRODUCTION 



ABSTRACT : PROBLEM TO BE SOLVED: To provide a means of stably providing a hot rolled high 
tensile strength steel plate having high ductility, easy of press working, excellent in 
spreadability, and having satisfactory weldability. 



SOLUTION: The hot rolled high tensile strength steel plate, having 
<690N/mm2 tensile strength and excellent in workability, is constituted so that 
it has a composition consisting of, by weight, 0.05-0.25% C, <2.0% Si, <1 .6% Al, 
0.8-2.0% Mn, 0-0.04% Ti, <0.0100% N, <0.003% Nb, and the balance Fe with inevitable 
impurities and further containing, If necessary, one or more kinds among proper amounts 
of Ca, Zr, and rare earth elements and satisfying Si(%)+AI(%)>1 .0 and also has a 
structure consisting of, by volume ratio, >5% retained austenite, 3-20% pearlite, and the 
balance polygonal ferrite and bainite. This steel plate can be produced by subjecting, after 
the completion of hot rolling, the resultant steel plate to air cooling for 1-5sec, to cooling 
down to 550-650''C at >30°C/s cooling rate, further to air cooling for 2-10sec, to cooling 
again down to 350-520*'C at >30°C/s cooling rate, and then to coiling, 
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(54) ifim<D^wi mjLmz9intci^Mm^timmzf^(o9m;^m 

(57) imm 

I mm^^k ] C : 0. 05-0. 25% . Si : 2. 0%tJ.T. Al : 
1.6%l-;lT. MiirO.S— 2.0%. Ti : 0--0.04%$r^;^, M 

Itti'tm-Z. N:0.0100%1-UT. Nb: 0.003%*j«. 
Sid) +A1(%) fel.O <7>&sfett-^j»/::LTKT. //'OWc 

is^h 3 0'C/s]ii.±£7)?^;t413$K(c? 5 5 0 — 6 5 OTjiT' 
i^ni, 5g(c2-l O^faVjSS/^Jar^T-vJtt^, l¥l£3 0 
rj/sia±«7jHJamS{CT 3 5 0-520 ^C±X'^n L T 
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m.-ami i &&m^X'C ■. 0.05-0.25%. si ■. 

2.0*\,1:-J.T. .Al : l.ri^'WT. Hn: O.S- 2.0%, 

Ti : (.)-0.01'V.-jr^t>:>tt(CN : 0. 01009;>U.T . 
Xb : O.OOV\,>|ij«. SiiX) 1.0<7).^^ff*- 

'->f*.ffi^-C3'V,W.li<7.)^^;5)--X-f->->f 3~2 0% 
< .7 -f |.. 1- -l-^;?A?ai)-/;'.t:'J 7 X 7 -f I- 

[u.'i-l:nij] SSi'A'iir-fCC : 0.05-0.25%. Si: 
2.C'"..ri. I- . .\l : l.O'V.y.T. Mn: O.S- 2.0%, 
Ti : II -j.«tl"..^>^,77y., ©CCa: 0.0002— 0.01%, 
Zr : -■-■•l - ■•. 10"... ft±a5.7C* : 0.002 -0. 10%<7) 
1 I -r L .'rlr i: .":(- : u.0100%y.T, Nl> ; 
O.OO.-;-.. <.,|V,. Si •I; - MC.) ■ ■ iM)^^Pt^mfzl 

m-:'5":n\ -••^WiVt- ^ r-c-f i-.h3-2 0%c7)'^- 

•( I- -r ■■'^'t ') /r:\r 'I :i-i->i,7 j^y^ ht^-^ -l-'f 

I imm ^ ] * a-Jfi s---: < : o. 05-0. 25% , si : 

2.0%l.'i.T. Al : l.(."..l.J.T. Mn: 0.8- 2.0%. 
Ti : 0 -0.04%^^C->:ft{::N : 0.01,00% WT. 

Ni. : Q.O'jr..^.m. sic.i) +-Ai(%) a i.o^')=g--:^f+'ir 

'1'. 1 lOOri-U:lzD\\t^.L-:f^mE%zm\ ft-biS 
lgAr5,.iW± CarBl(±^ni':^#?-T L tzik 1 - 5#fa<7JS?fe 
'ir^T'-'C /;'•■.. 3 0 C/.sl'J, |-.J')<iffll5lfg(c-C 5 5 0-6 5 
O'C^-Ca^aiL . .^t2 -- 1 Ofj.-[5ii7.)^<iJ2rff'5/^f*, 

SJK 3 oc:/i?.i)±<^y(ism]&mzx 3 5 0—5 2 ox;* t 

?^ w .'f - X r -^ ■f 1- h 3 - 2 0 %<7.)/ <- 7 ^ h > $r 

9 0 N Wl.:).T-^]!)PX^tC^^-t./:: 

a5i®5Ji.ijSTOf.)Mjt:^a-... 

tl»*Jfl4 ] mm^X C : 0.05-0.25%. Si : 
2.0%J-UT. Ai : ].6%1.:;.T. Mn: 0.8—2.0%. 
Ti : 0--0.04%«r#^*.. .*LCCa : 0.0002— O-OlOii. 
Zr : 0. 01 -0. 10% . #±P.7E« : 0. 002 -0. 10%<7) 
1 ^ i> *ti' .b *t(c N : 0. 01 00%W.T . Nb : 

0.003%*jS. Si(S) +Aia) S 1.0(7.):g-=Sfefr$-j1|JtL 

1 0 0T;J.-i.±c;jUJ*;LT?illSli±®i-?7t>- f±±S.e.A.r3 

Xiyh3 0'C/sl:J.±Wl*a]iSfg(ZT 550~6 50"C* 
T'^^rint, 1 0T4fBlc7)5£<^^'<T"fca-. SS3 

0'C/sy.±i'.)/^^3a]jIfg(-c-C 3 5 0-5 2 ox;^T-<^?a]L 



- X 7^-^- -f h > 3 - 2 0 %;7.)' <i-y^Vt ^ k^'n 0 
[000 1} 

[ 0 0 0 2 ] 

[ tftmmi t 'fom^ i mmBMKmizx -^xmrni^it 

//, ^i'jffliStciirL. .xflnxTm0^?ix-s.gPWA>i^< . 
Vt->XM^^t ^m^cMiLizmti>^^^WTca^h h ... 

[ 0 0 0 3 ] > rT^x'. &mmwi<m'iSssM^m7^^ 
sfi) ^fi|ffl-ra:>3ffi" //fli'iiiT^^D. f5i]/:i«#^D3 

6 3-40 1 7#ij^g(c{i<imcM3SLf.: rj^Sl^^^ 

T ^ > & .„ C cry-yimiX , 'v'f ^ -f I- ^IS^Z^^thZh 
j; o-C C i-l^.'&m-^-^.^i- i h^hzimti-h - t "C- 

y-i- <\- * f# J; >: L f.: t c^)T- A T . ay-^&X'm h 
t\.hf^&mX9;mmz 7 X 5 ^ h >: '^.-f -^ -f 1- ^: MS 

[0 004] u/'L, ±ie*st{±^sg?-^- x7"-f--f 1- 

[0005] '^rx\ Zo-)X 'j^£W^^-:^^y'i-^ i-<7) 

22«-r^< . 1#l?fl-V5 - 1 9 5 1 5 0^i;$^ffiC{i, ""Ml) 
WMliZX -:>Xr\-y^ h^iSM-^M.^S.^z^'y hu-tV 

m^^-t^i.o^zLfz^m^mmwLi i^zm-t^^mm^^ 

|g$iXTl>l., Lfj^Ltx-h'^^'-j. Z(7)-Hmv\.t. 

^tLmzrvxtwu^mitzm^z-^mmm^mt-thm 

(yMmi'^^tfz., 

[0006] 1mxmcr)-1immyS.f}^f^mf^j:hti:V^X '> 4- 

iSi^m<t^mJM.t^fzi^tzi±^ mm'p-s- 59435-^ 

<?)ffiv^Al2ra5So-tl.*aj //^.t'^ix .&■//. Ai-t-^g-a// 
^ — y<^)i%mi^mt>m&h<7.)X'h->tz. 




[ t.) 0 0 7] Zc?.)X 0 tx Z t -b-'j , t-WW/' m^tl fz 

TiZtMlft^f S <r •& ^ i T J , -.. fc ... 
[ 0 0 0 8 1 

<•) tfi. \ jJji') .i J ( cffl^ffl^4'(-jSfi ( fWm^T' 3 
- 2 0 ".. ) 7 -f I- •&.b , 

[ (.) 0 (.) 'J ] <l) cl >'y/}y. m^<^MmWMW-\nm-h'^'-> 

i[ - X -r -)• -f h o'.mfi^^ ^-^ {tt '6 (r^ffl t> L T > & c7) 

^mm-^'z>±x'±t^'km-i\*:ifo ( 7v..7,B#<7j-^awjK 

i'llfti-raCCiiO 9 (.) N /nini'^OTi'.)^ 11153; $ (^jrpi. -S-^l^' 

':.i';)7y;L£lM<:^i v ) -coyrzifK Tl--.xSDX'tt*r#.itL 
[ 0 0 1 0 ] c) I h' L >i7/ h - Nbr # t >i-v '.. 

■5. - r b {r ^Je L T MSi $ ix . 

:? >- 1- D • /L-$ ixtz msL(^V ^ - 7 A h iltf. $ f lT 

•d- . ^ />fln3iii?ai3^4'(c*:;(t.g.#;tc'.)?aJSJ?!jT firr.tEii# 

I51<5'.)f*iii ( SEii^ ) arff 0 i: , ±3ilif.)J; 'j KimWi'^h, L 5 
WJi^>5£ef - .7. f :^ 'f h t 3 ~ 2 0 %<^V ^• - ? 
M'fYt-K'J rj -h;l,-7 x 5> -f 1vS.t/<--f "h^ 
&lflitrWL , 7-U XD#c?.)^ r;ffi!£iir<iCft-c'* ^. 6 9 0 



[0011} -^%mt. ±feMa*isw('-ffio\-»-c^$ 

(D C : 0.05-0.25% (m. l«#8<J-&^a-t%tiai: 
%t-r-2.).Si : 2.0%y.T, Al : 1.6%OT, 
Mri : 0.8- 2.0%. Ti : 0-0.04%Sr^ti-t*^(CN : 0. 
0100%^. Nb : 0.003%ij^i«. Si(%) +Aia) S 
1.0(7.).&l3^f^$r>^3^cLTi»T?^5*iFeaL^'^nT3SH<jT=*4 

h y 3 - 2 0 %(^)> ^' - f7 < h i; * ^ASE 0 -'/'"K 'J n'-^/l- 
7x7 -f \-h'<~i'):i h»"v<^:-5.ffl^'r-ifi'-r^.^i:2r'# 

® C : 0.03— 0.25%, Si: 2.0%1-:J.T. Al : 
1.(.%W,T, Mil : 0.8— 2.0%, Ti : 0— 0.04%ar 
t-^, I5(:ra : 0.0002-0.01%, Zr : 0.01—0. 10%. 
#±m7E* : 0.002 — 0.10%^')111W±$:^.•&ii•t .ft^■:: 
N : 0.0100%y.T, Nb: 0.003%*}i>. SiQ +A1 
(%) 1.0£7)--S-^f*^$rJS/^tTv>Ti^gi;*^eStPF^}@ 
e^^M!f*l*' 0 . A'Ofrft^T- 5 %y.±<7.)?^s^ - X 
-f b i: 3-2 0%6'.v^--7 Y h t '>#<^S9 

® C : 0.05—0.25%. Si : 2.0%tJ.T, Al : 
l.f.%W,T. Mil : 0.8— 2.0%, Ti : 0—0.04%^ 
•^OtftCN : p.0]00%y.T. Nb: 0.003%*jfl. 
Si (%) + Al (%) *s 1 . a^y^^i^^mtz L T V >T^->0>Te 

Rv^T^^m^'i^-mmj'h-^j:um-^. i ioo'cy.±t 

mmTLtz'ik 1 -• 5 #foV:)S^ft^r^ToT 3 OXVs 

nhormMmzx 5 5 o-e 5 o-ctTi^tnL , miz 

2-10 #fBlc7)f£?^- ^ '.> . 3 0 'C/stiJii73?^J 
^jilgtr 3 5 0-5 2 OVtTimLXmJRhZb «: 

'-ttesii-T'S. , Mfi^-<:'5%i.:J.±6'.)5^@?r-.7.T-^-^ hi: 

3 — 2 0 %c7V N*- 7 -< h i: ^ ') i/Ai"* 'J a'i-/\^y x 

9 0 N/m,-'^i;).T(7mxmzmxtzBmmmi^mm<7)mm. 

® C : 0.05-0.25%, Si: 2.0%l^i,T. Al : 
1.6%l:J.T. Mil : O.S— 2.0%, Ti : 0—0.04% 2: 
■^i^. Sicca : 0.0002—0.01%. Zr : 0.01—0. 10%. 

%±m7tm : 0.002 '-o.]o%c^)]miii±itb'^tibmz 

N : 0.0100%W.T, Nl. : 0.003%5K>S. -Si (%) +A1 
(%) s: l.O<^)^^f^^mzLXV*xm^/)^PeRr/T-^M 

WT.i3e^^//*'c.^'2>M)t*. 1 1 0 (yciD.±izMPf:ixB, 

RaES^^TVv. f±±Sg.Ai-3.'^i.U±Tf!i[iiffS2r*^T L 
itf:fe 1-5 fpmi7.y?Ei% =k '..X /j' (-> 3 0 ■'C/fil:).±.ay{m 
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. ••. .". T 5 5 0 - 6 5 0 r: t X-iTiffl L , W-Z 2—1 0 fi^- 

3 5 0-5 20 "c t T'i^si L xmm^>z t^mwLt^t 

%<?>> <. -y A h t r t-^A?^ 0 'J ;L 7 x 7 -f 1- 1 

•^i-f -r -i i-?t»"^'i-i.ffl^*^r-^'g.?l5fi5gj$//6 9 o N/m 

[00 12] ±3it5^)i:)(c, *^0J^{i, rftSttriffiiit' 
&^iEliIc7;)fi£C. fi^Al^^ra-C-A-v-C. //'OTR IP^c6 

iiff, $ iXT^j >: r of) , r U-X /jnXA'^l-T'^tetf'tt i> B 

[0013] (A] mmAf^nm. 

a) C 

vmm§.x'm:m.yi - ^.n-t -f i- cftcrsag ix - xf- 

+ -f b T^'TE (L-^r ^. - t IZ J; 4" (3 T R [ F' ^) 

W<'i:'iw&^)iz+!n-txm^^:^- X^-i-^ h arff^-. C t /j'T 
L/>*L. C^^S.m.Q5?o^^mX'ii+i^^j:WSyf 

C * ^-:fir § -tt-g. t MS14/v'PnS.i: -2. ± . IS 2 ffl*' < 
^r03i«-C?XJS<ftti;Ji1M-^>. MoT, Ct^miO. 
05--0.25%i:5t*^;t*', Hfi L-<{iO.OS— 0.20%tlSK 

[ 0 0 14] l>) Si 

Si(i, 7K',l3--h'L7x7-< l^dtEl5!<;l'(.'S31LTC<7.)5l^.S?l. 

«j!ip{i, mm^Atizx '>xmw.^mt<mtt6<r)T 

^ L < (i 1 . 1 ^'WT, J: 'nf ^ L < ii 0. 5%i.UT 
[0 0 15] c) Al 

AKi, Sii:|S|13t(c.-KUr3'-t-/U7x^-f tt 

< ^ ^. mm * w-r *\ s i -^(cit^T p« ^ h t D 

'^^it^'^hZ.tt^tcVK L;6-L, 1.6%*t3i.TAI* 
^ it S t ygtStt A'PflSS >: A"^^ -f i7.)-tWfi ^ 

•g.c7)39'^W>, ^^-io, vlc^jj; f,tcAI#ifi-fl2r®M-r-?>iJi-^ 
i: L . ±.3jl«L:^3i-&WJIti0.05%S-TIll^> 

^> I' •- 2 t ix h ... tfz. ^ >.) r7■■-^;^ 7 x ^ -f 1- ^iS 



(i, Si.tAli7>M+-&^rfi*'" fSi(S) +A1(%) ^ l.Oi >^ 
[0016] <1) Mr. 

Mil t *«Hfl«i1St'{ifiS^ctllfi!c7c*T-*) o "C , ^S:.^..-^ 
-x.y-i-^ hfm^l.Zfi-y-^ hiz^-t7^0)i:mm-t 

•Cii4'<, 2.5%S:tl7: c-t-W$itS >:»ii'f^c7:) 

/^rai3ag-(:'+i>^,t^'.J 7x 5-f h2:^l=<^i^•r, ^ 

ttcXma^t-r^ ail'tt.t) ^ I ^( iT R I p ^:fm h 
iitc^y. iitoX. Hi\(7-)^-^mt O.S~ 2.5%y:'&h>tz. 

[0017] e) Ti 
T i X y 7'<7)lM>:pm±f,zmm^h *) , 'f C)fzi^£^ 

izm tX &i $ i L -5. l7g'5i-T-,t) l> , 0. 04% r i@ .1 T i*1lP 

±|IRSr0.04%t5g46it. 
[ 0 0 1 S ] f ) N 

N X y ym^m^mx-mim tLxtaiHi. x => 7v.)ja 

N-^ltji{i0.0100%iy.Ti:5E*^/c. 
[0019] s;) Nl) 

-r ^ *F * L < t ^7C^T?> 0 , Nb-^^r«co^$il«*ISBfl 

mW.coi::^t'Wm<^)l-jX\hh. fztl^ Nirgr^-fl-// 0.0 

^^'v^:it-b^h. ^wmm.x-m\r'^^m.^ o.oo3%*is 
[0020] ii) u, irRum±Wjtm 

^ixhoMit. mxi.itm'^om^.^wm Lx-^mn 
iJSL^?m^h^m^^'^^cr>x''i!m\.z^^t x i m^)± 

i7)%^{i:0.0002%,*iS, Zi-£7,)it^{i:0.01%*ill, xlX 

^±m7tmc:>m'^i>t o . 002% ^^mx-h itminmizx 
hmm<^^m^mioix-f. cat:-{io.oi%. irx-n 

0. 10%^ Lx^±wjtmxm.io%^mtx-'s^$ix:^^, 

t j^Czm'P<^)ifl£W/J'^-^ < ^ "9 3i! ^^(^WiUX^^I^'lt 
•i-hXol,Z^j:^Zt^^^. ^ttX^'iXCO^^A^ . Ca:0. 
0002--0.01%, Zr : 0.10M).10%, #±!l7CS : 0.002 

[002110 m^tiL'^ 

^^mmmzt5i't^±Mm^\-coftim±veRx/m^ l^i > 

T^'^mTM'\^x\hi,,, z<^:>T^^mT^imt txiio. 
p, s, cu, Ni, cr. ik>m<^M'Piz^mmzin.?:i'^> 
Ttmt/^tix^.. cix^p<'.)4'x-t , piimmmzMfm 

Sr Jtiar-r^ii6?S!l?E«T& S C7JT(K#WST$> I. tiifSf i 

L < . fi)Tai^Ulgtm^iiff,-ri./c*^(C{iPc7)^fl-fl;*:0. 
05%y.TCWi.a(7J7!»'SiLi,>. S/i. S(±HnS^:fri£ 




MSrO. 02V,;i;J.Ti: ■^"'5>'7j//Mi >... 
[0022] (B) 

il.TiH«i7.)?^te(ftt*'^L<|BI±t-2-.. ZZX\ r<-y 

A h(nimmifi 3 %5Ksi-C'ft h t ±tmm'+7fxtc 

•^r-g. -f hc7,)«i|(^,//|ii||fc5:-5-cmM£7.) 

(t^mfmmt . jj-ict«inj^&Mjt^fr<7)ia^t j; -yx 

^thZtf/X'^l.. 
[0023] (0 Sft5ffiii«c7)»lit*(t 

J: 0 j^-r I. -I t //x'^ , M« t u m . =^ ^ -y r 
v>„ '^LT. e.mmmx'fyi-.miT-c^mmizi, -mm-y^ 

iXX offi-b^H 1, 

[00 24] 2t^.^Bfl(c4oV>TJ.±. ffePalESCcBt-f 
1 0 0ri;J.±T'iua!iK}tLT/j'i'^S(irallE5ESr 
1^45 L . •H:±JIEt±Ars^.W±<?)?a«Ttt±ff S , 1 1 
0 0r*«<^.)«Tt4^fc|SEii4'tcMfr)!>'J#ffl$iX. A 

r:::.'Si.::i.±c7>fi-±?s.Ky/5ifST&4-(,>,, -^lt, f±±aK 

±1:, tB!t;L7t7x5^ ymzm'^J±%\:zx^>^:/}m?-. 
^iix\%>ALh^mmoMiLm'^^i\Lhx Lto. ^ 

[00 25] :*e^%m,ztiv^x\.x. mmkom^sM^-im 
wthh. -it 0 - arBi;±j!ir:i?-Tr»-<7;)i 5#rBi<7:)^?^ 

fc , Jn^?ft5g]j^4>c05 5 0~6 5 Or:*'^,i02~ 1 0# 

^om^tf-mzmx'hh ., 
[0026] t f. •^-mywM.o)^ [zHbxmm-th z 

•t!:.&7'^*^(z{4, 5 5 0--6 5 0T:;5'jSg3i)'i'3i7)2~ 1 0 

%i'-mi^^m%iM^Xhhry-)Mmil.^iLtz,. -tlx. Z 

M0)mit ') X^ i i-A I-^^.$-ti--5. r t xmniz^m^ 




10-219387 
<^drO . ^^milH&)&/J^5 5 OYjSrTCil-^'-C L ife 

'jtm-fm^-'^b^-^ -)-^ ha^^fULxLtvK {ifiixt 

WfM&c'y^^-y ^ h^mMX^Kc<^j:hZt-/}'(^>. Jpjl 
<%Mt4>i^)^<vmii&}S.^ 5 5 0-6 5 (rC tJ^i^tz 

ij\ ift L <{45 5 0-6 0 (yc<?MmizmMi'i><^yj/' 

[0027] tf:, .'i-y -i hffyi^mLi-^-.Xy'-i-'t I- 
+f)Cfl|]Kj'/m*. (v9 0.8%) feJlitC^^CtT-BB 

izx 'y^.'&p^.m-XT-i'-i h'pizcmt^i^ii^iU'Z 
m.mxh7^zt^M.iiiitz. 

[ 0 0 2 s ] zc'.mM.mMit. *«fl8<7.)7 X ^ -f h±B)c&: 
A'SS^-asiJa't^o.:: t':r«iftL-cv»^., HP"/;.., i*lilJE 

x. ^<7,)«s»+:';j-^-7x7 f ^//^feB)c•ti:-r^cv^--.XT-^ 

-f I- ^s.i7j C c7)jgft//¥4-^ .h X , Jna^^^aij^ 

^ti^^i'A h:f)^±^LXLtd . zom^-h^^ 
f^-z:mtl>y , 7x7 < V±^m.i)^§r<,tj:tfzisb{zmiS> 

wx-ov^-y i h'^oy^mmt^m>.zmy^rzisb. 
m^-x^-f^ vaimj^mro^n-y-i v^mLxL± 

10 0 29] tz^^x\ ±i^vfz^i^i:).mimm>o&m 

t X 3 0 'c/»i:)±cf)i^mimximm<^m ^ fi 0 , it 
t,±^^mimm>'£m%mz-^^Kc\'mx3?yi>tz{i/:>i.zr<;- 
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